The results of the first step in a systematic investigation of the mechanism of the action of ultrasound on tissue are reported. The temperature changes resulting from absorption of a•oustic energy were determined while irradiation was in progress.
A. Temperature Changes in the Absence of Cavitation
The changes in temperature which occur in a liquid medium propagating a periodic acoustic disturbance of constant amplitude in the absence of cavitation are of two types; a periodic temperature change and a monotonic temperature change caused by absorption of acoustic energy. However, it is quite readily shown that the amplitude of the periodic changes is small even for high intensity sound and would, therefore, be of minor significance in producing biological effects. For example, for a sound wave in water with a pressure amplitude of 10 atmos., the amplitude of the periodic temperature change is only of the order of 0.01øC. (aT/at)o= ( ot/ocv)I , In order to determine the order of magnitude of the rate of migration to be expected in a standing wave field, we consider rigid spherical particles of small enough size that the inertia forces can be neglected compared to the viscous forces. The condition which must be satisfied in order to insure this is vr<<•l/p, where v is the velocity and r is the radius of the particle, n is the coefficient of viscosity and p is the density of the fluid medium. '-a The viscous force is given by the expression f= 6 In the experiments reported upon later in this paper, the standing wave ratio was of the order of five percent. We can thus divide the total sound field into two parts, a pure traveling wave and a standing wave of amplitude about 1/20 the traveling wave amplitude. The traveling wave component does not contribute appreciably to migration of small particles through the mechanism of radiation pressure. The standing wave component would, however, yield a velocity of migration at the maximum sound intensity ('-,35 w/cm •) of the order of 1/400 the value given by the above formula.
The second system of forces is a result of the fact that the medium has viscosity. EckarP has shown that the viscous forces account for the flow of a homogenous 
D. Physical Factors Associated with Cavitation
Cavitation is present in many experiments invoMng high intensity sound in liquid media. It is, therefore, necessary to consider the possible role of cavitation and its concomitants in discussions of mechanisms of the effects of ultrasonic irradiation on biological materials. In the experiments to be described later, no cavitation was present in the medium surrounding the test object.
A detailed understanding of the effect produced by cavitation involves a study of conditions promoting formation, growth, and collapse of cavities in liquid media. In this discussion we will review only briefly some of the features of this phenomenon which have been studied by other investigators and which appear to be of importance in considerations of the biological effects produced by intense ultrasound. We are interested both in cavities which contain only reIatively small amounts of gas (the dynamics of which are not dependent appreciably on the diffusion of gas through the liquid) and in those where the diffusion of gas into the cavity from the surrounding liqhid is an important factor in the growth process. relatively small voltages in the immediate neighborhood of the sound generator made complete electrical shielding necessary. The face of the generator crystal was at ground potential. To achieve consistent and quantitative measurements, it was required that there be no continuously changing geometry in the sound field, such as a variable liquid surface. This was accomplished by arranging the crystal holder and sound tank so that propagation took place in a horizontal direction. For the work presented here, it was desirable to utilize a traveling wave field. This insures uniformity of irradiation of small samples by eliminating critical positioning in a standing wave field.
An important feature of the sound generator used in these studies is the possibility of either continuous or pulsed operation. In addition to continuous variation in amplitude, one has available a range of pulse durations from 0.5 msec. to continuous operation, and a repetition rate variable from 500 cycles per sec. to as low a frequency as desired. In addition, it is possible to obtain delay or precession times from 100 nsec. to 1.0 sec. relative to a pulse generator which is used to apply electrical stimuli to nerve tissues.
The crystal holder is illustrated in Fig. 5 , upper. It will be described in detail elsewhere?
The crystal probe is illustrated in Fig. 5 , lower. It consists of a small insulated piezoelectric crystal mounted on the end of a hypodermic needle. In practice, it is supported and moved about by a coordinate system which permits accurate measurement of field distri- after ultrasound treatment indicated marked degeneration of the cord tissues in the treated region. In some cases, this degeneration was indicated by a constriction in the cord, the superficial white matter appearing intact, and in others, the cord was completely divided
